Background/Aims: We aimed to determine if soluble α-klotho level was an indicator of chronic kidney disease (CKD) progression and whether α-klotho interacted with aldosterone during the course of further renal damage. Methods: 112 adults with stages 1-5 CKD were enrolled into our cohort study. All of the patients were followed up for 6 years (from January 2010 to December 2015). Serum soluble α-klotho and aldosterone were measured at baseline and at 1.5-years follow-up. The primary outcome was the initiation of renal replacement therapy (RRT) and the secondary outcome was the occurrence of cardio-cerebrovascular events. Longterm progression to RRT and cardio-cerebrovascular events in patients was analyzed with a risk-adjusted Cox proportional hazards regression model. Adjustment included age, gender, eGFR, mean arterial pressure, 24-h protein excretion and the change in α-klotho level from baseline at 1.5-years follow-up. Results: Baseline circulating α-klotho levels were positively associated with baseline estimated glomerular filtration rate (eGFR; r = 0.224, p = 0.017), but not age, calcium, phosphate, or parathyroid hormone levels. The change in α-klotho level from baseline at 1.5-years follow-up (p = 0.002) was independently associated with renal replace treatment (RRT) initiation after adjustment for age, gender, eGFR, mean arterial pressure, and 24-h protein excretion in Cox regression analysis. Aldosterone levels were positively associated with CKD stage, and were inversely correlated with circulating α-klotho levels. Conclusion: The change in concentration of soluble α-klotho during the 1.5-years follow-up was an indicator of CKD progression. Renal damage associated with a reduction of α-klotho may involve the upregulation of plasma aldosterone. Future studies are needed to validate our findings, and
and α-klotho appeared to have a related effect on the progression of renal damage. We also detected an association between α-klotho and cardio-cerebrovascular events in CKD. Baseline plasma aldosterone levels were higher and serum α-klotho levels were lower in those who had cardio-cerebrovascular events, although these results were not statistically significant.
Materials and Methods

Selection of Participants
Adult patients were screened if they had CKD stages 1-5 according to the Kidney Disease Outcomes Quality Initiative (KDOQI) criteria published in January 2010. The exclusion criteria were as follows: (1) confirmed and/or suspected AKI (defined as an increase in serum creatinine of >50% within 1 week) in the 3 months prior to the study, (2) initiation of RRT, (3) planning for renal transplantation, (4) diagnosis of tumor metastasis, (5) use of immunosuppressants, (6) enrolment in other studies, and (6) pregnancy. According to the KDOQI criteria, patients were classified into five stages based on their estimated GFR (eGFR). eGFR was determined by the CKD Epidemiology Collaboration creatinine equation. A total of 115 adults were screened, of whom 3 were excluded as they had been diagnosed with AKI. Finally, 112 patients were enrolled and underwent a 6-year follow-up.
This study was approved by the ethics committee of Huashan Hospital, Fudan University, China. All of the patients provided written informed consent for participation, and the study was conducted according to the tenets of the Declaration of Helsinki.
Clinical Evaluation and Laboratory Procedures
Baseline demographic data, including age and gender, were recorded at the time of enrolment. Blood samples for laboratory measurements were obtained at the time of enrolment and at a 1.5-years follow-up. The sample tubes were kept at room temperature and centrifuged within 1 h of drawing the blood. All blood samples were stored at −80°C until analysis.
The concentration of serum soluble α-klotho was determined with ELISA kits obtained from ImmunoBiological Laboratories Co. Ltd. Japan according to the manufacturer's instructions. This kit is the most common-used commercially available assay to detect the exact levels of both forms of circulating klotho protein [17, 19] . It uses a purified monoclonal antibody described by Yamazaki which binds the tertiary structure of the human α-klotho extracellular domain, aKl, with high selectivity [1] . The α-klotho level remains stable under different conditions when freshly collected samples are stored at -80°C [1] .
The concentration of serum aldosterone was performed using a chemiluminescent immunoassay obtained from Shen New Industries Biomedical Engineering Co. Ltd. China. iPTH was measured with Electro-chemiluminescence Immunoassay (Siemens Healthcare Diagnostics Products Co. Ltd. China). Other laboratory items were determined in the clinical laboratory.
Study Outcomes and Definition
All of the patients were followed up for 6 years (from January 2010 to December 2015). The primary outcome was initiation of RRT. Patients who were suitable for RRT but either refused to undergo the procedure or had contraindications were also included in this outcome.
The secondary outcome was occurrence of cardio-cerebrovascular events (acute coronary syndrome and cerebral apoplexy). Acute coronary syndrome was diagnosed by cardiologists according to myocardial markers and electrocardiogram, and included three clinical manifestations: ST elevation myocardial infarction (STEMI), non ST elevation myocardial infarction (NSTEMI), and unstable angina. Cerebral apoplexy was defined as new onset of ischemic and hemorrhagic stroke, diagnosed by neurologists according to magnetic resonance imaging (MRI). ∆α-klotho, ∆aldosterone, and ∆eGFR were defined as the differences in the concentration of α-klotho, aldosterone, and eGFR, respectively, between measurements at baseline and at the 1.5-year follow-up (∆value = value at the 1.5-year follow-up -value at the baseline).
Statistical Analyses
Normally distributed variables are expressed as mean ± standard deviation (SD) values and were compared using one-way analysis of variance (ANOVA) or Student's t-test. Non-normally distributed variables are expressed as median values with interquartile ranges and were compared using the rank-sum test. Categorical variables are expressed as percentages and were compared using the Pearson chi-squared test or Fisher's exact test. Correlations among continuous data were analyzed using Pearson correlation coefficients. In multivariate analysis, Cox proportional hazards regression was used to identify independent predictors of RRT and cardio-cerebrovascular events in CKD patients. The covariates age, gender, eGFR, mean arterial pressure (MAP), baseline cholesterol, phosphorus, and 24-h protein excretion were used for stepwise adjustment. Events were defined as initiation of RRT and occurrence of cardio-cerebrovascular events. Cases lost to follow-up were censored at their last observation. All tests were two-tailed, and statistical significance was defined at p < 0.05. The SPSS statistical software program (version 17.0, SPSS) was used for all analyses.
Results
Patient Demographics and Clinical Characteristics
The cohort comprised 112 patients (77 men and 35 women) with a mean age of 64.5 ± 12.7 years. Upon enrolment, the median serum creatinine level was 1.83 mg/dL (1.46-2.55 mg/dL). The two main causes of CKD were chronic glomerular nephritis (36.6%) and diabetic nephropathy (19.6%). Of the 112 patients, 71.4% were having angiotensinconverting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB) treatment. None of the patients required treatment with active vitamin D or its analogues during the followup period, as their parathyroid hormone (iPTH) and serum phosphate levels were stable. Table 1 shows the baseline demographic and biochemical characteristics of the patients. The patients were classified into four subgroups by CKD stage (stage 1-2, stage 3, stage 4, and stage 5) based on their eGFR: 15 (13.4%) patients had stage 1-2 disease, 55 (49.1%) had stage 3, 31 (27.7%) had stage 4, and 11 (9.8%) had stage 5. The mean ages of the stage 1-2, stage 3, stage 4, and stage 5 patients were 61.1 ± 14.8, 66.8 ± 11.8, 60.6 ± 13.3, and 69.2 ± 9.0 years (p = 0.062, ANOVA), respectively, and the percentages of males were 80.0%, 80.0%, 51.6%, and 45.5% (p = 0.011, ANOVA), respectively. Hemoglobin levels were lower in patients with worse renal function, while phosphorus and iPTH levels were higher (p < 0.001). There were no significant differences in MAP, serum albumin, calcium, C-reactive protein (CRP), 24-h protein excretion, or ACEI/ARB use among the four subgroups (Table 1) . At 1.5-years follow-up (median, 538.5 days), eGFR had decreased in 63 (56.2%) CKD patients and increased in 49 (43.8%). The patients in whom eGFR decreased were younger and had greater 24-h protein excretion values (p < 0.05, t-test). No significant differences were observed in gender, MAP, or serum albumin between these two subgroups ( Table 2) .
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Circulating α-Klotho Levels
The baseline circulating α-klotho levels were highest in patients with stage 1-2 disease and lowest in those with stage 5 disease (p = 0.029, ANOVA) ( Table 1) . α-klotho levels showed a significant positive correlation with eGFR (r = 0.224, p = 0.017) (Fig. 1) . However, there were no significant correlations between α-klotho levels and the levels of calcium, phosphorous, or iPTH.
α-Klotho Level as a Predictor of Renal Replacement Therapy
Of the 112 CKD patients, RRT was initiated in 44 (39.3%) during the 6-year follow-up. Cox proportional hazards regression was used to identify independent predictors of RRT in these patients. The covariates gender, age, baseline eGFR, baseline MAP, baseline 24-h protein excretion, and baseline ∆α-klotho were used for stepwise adjustment. The results showed that ∆α-klotho was an independent predictor of RRT in CKD patients (p = 0.002) ( Table 3) . In univariate analyses, baseline plasma aldosterone levels were higher and serum α-klotho levels were lower in those who suffered cardio-cerebrovascular accidents, but the differences were not statistically significant (p > 0.05).
Cox proportional hazards regression was used to identify independent predictors of cardiocerebrovascular events (Table 4 ). The covariates gender, age, diabetic nephropathy, baseline eGFR, baseline 24-h protein excretion, baseline cholesterol, baseline aldosterone, and baseline α-klotho were used for stepwise adjustment. The results showed that 24-h protein excretion was an independent predictor of cardio-cerebrovascular events (p = 0.048). α-klotho and aldosterone levels could not independently predict cardiocerebrovascular events with statistical significance (p > 0.05).
Circulating α-Klotho and Plasma Aldosterone Level Relationships
The baseline circulating aldosterone levels were lower in patients with stage 1-2 CKD and higher at more advanced stages (p < 0.001, ANOVA) ( Table 1 ). The aldosterone level was negatively correlated with eGFR (r = −0.220, p = 0.020) (Fig. 2a) . Phosphorous and iPTH levels were positively associated with the baseline circulating aldosterone level. Negative correlations were also found between ∆aldosterone and ∆eGFR (r = −0.319, p = 0.001), and between ∆aldosterone and baseline eGFR (r = −0.201, p = 0.035) (Fig. 2b  and c) . Moreover, circulating α-klotho levels were negatively correlated with ∆aldosterone levels (Fig. 2d) . 
Discussion
Animal studies have identified various physiological roles of α-klotho in the progression of CKD, and experimental studies have shown that extra α-klotho given to animal models of CKD reduces their kidney damage [2, 19] . However, its role as a biomarker for the prognosis of ESRD in CKD patients is controversial. To shed some light on this, in the present study, we measured the circulating α-klotho level at baseline and 1.5 years into the follow-up period in CKD patients. The goal was to explore the role of circulating α-klotho as a biomarker for CKD progression and its possible relationship with aldosterone.
The serum α-klotho level of the CKD patients in our study was lower than that of a healthy population in a previous report that used the same ELISA kit [1, 21] . A significant and gradual drop in the baseline circulating α-klotho level was noticed from stage 1-2 patients to stage 5 patients. There was a significant negative correlation between baseline circulating α-klotho level and CKD stage, although the baseline level was not predictive of RRT initiation. However, the change in circulating α-klotho levels at 1.5 years was predictive of RRT initiation. This indicated that the change in α-klotho level was a better biomarker for CKD progression than baseline level. No difference in the α-klotho level was found according to different causes of CKD. Although our study showed that the baseline circulating α-klotho level was lower in patients with lower eGFR, similar to the results of Shimamura et al. [22] and Kim et al. [18] , there was no evidence that the serum α-klotho level could be used to predict ESRD outcomes. However, our data do show that a change in circulating α-klotho level at 1.5 years is an independent predictor of RRT initiation. In our study, we recruited patients with CDK stages 1-5 (before RRT), and followed them for 6 years. However, Seiler's study only included CKD patients with stage 2-4 disease and followed them for an average of 2.2 years. A total of 19 (5.9%) patients reached ESRD and underwent RRT in Seiler's study compared with 44 (39.3%) in our study. The short follow-up period and exclusion of CKD stage 1 might explain why this observation was not made in the Seiler study.
As previous studies have demonstrated the role of aldosterone in renal damage and the relationship between α-klotho and aldosterone, we investigated aldosterone changes in the patients enrolled in our study. We found that the plasma aldosterone level was significantly elevated with the decline of renal function, especially in CKD stage 4-5 patients, which is consistent with published studies [23] . Importantly, the present study showed that a decrease in circulating α-klotho was correlated with an increase in the plasma aldosterone level. This finding further supports the notion that α-klotho and aldosterone play a linked role in the pathogenesis of the progressive decline of renal function in CKD. That is to say, α-klotho may interact with aldosterone in the case of extremely pleiotropic effects and physiologic processes related to renal damage. However, the mechanism by which α-klotho affects CYP11B2 and aldosterone synthesis is not clear. The α-klotho deficiency-induced increase in aldosterone is not caused by over activity of the renin-angiotensin system [20] . Moreover, it has been reported that blockade of aldosterone receptors almost abolished klotho deficiencyinduced kidney damage in Kl (+/-) mice [20] . Further studies are required to characterize the interaction between α-klotho and aldosterone, and its role in the progression of CKD.
In this study we also investigated cardio-cerebrovascular events as the secondary outcome. We showed that 24 h proteinuria was an independent predictor of cardiocerebrovascular events, which is consistent with previous reports [24] [25] [26] [27] . Higher aldosterone and lower α-klotho levels tended to be accompanied by a higher incidence of cardiocerebrovascular events, but this was not statistically significant. Previous work has reported vascular calcification in Klotho knockout mice [4] , and aldosterone and mineralocorticoid receptor activation have been shown to play an important role in the pathogenesis of cardiovascular, renal, and metabolic disease. In a key longitudinal investigation, aldosterone was shown to predict future hypertension [28] . However, few studies have shown that klotho or aldosterone alone can predict cardio-cerebrovascular events independently, the present study included. It is presumed that klotho or aldosterone may interact with other traditional and CKD-related risk factors to increase the morbidity of cardio-cerebrovascular events rather than acting directly. Furthermore, CKD itself is an independent risk factor for the development of coronary artery disease and stroke, with most events occurring in patients with ESRD [29, 30] . Therefore, further investigation of the relationships between klotho or aldosterone and cardio-cerebrovascular events needs to focus on patients having RRT.
The KLOTHO gene has gained attention as a powerful regulator of the aging process [15] . In humans, serum levels of α-klotho decrease with age after the age of 40 years [31] . In our study, the soluble α-klotho level in serum did not decrease with age, as in Seiler's study [17] . The average age of the patients in our study was 64.2 ± 12.7 years, and that in Seiler's study was 65.5 ± 12.1 years [17] . However, in Kim's study, the patients were much younger, with an average age of 45.7 ± 15.7 year, and correlation analyses revealed that the log α-klotho values were positively correlated with age [18] . Based on these findings, we hypothesize that α-klotho renal synthesis level in CKD patients older than 60 years is affected more by renal injury than age.
We did not evaluate FGF-23 because many studies have found that an increase in FGF-23 is not associated with loss of renal α-klotho production [32, 16] . Our patients' iPTH levels were higher than normal on account of the deterioration of renal function, but they were still within the normal range for CKD patients before RRT. Therefore, none of the patients in our cohort took vitamin D or its receptor activators before RRT. We did not find any relationship between serum α-klotho and serum phosphate, calcium, or iPTH levels. These results were similar to those reported by some other studies [33] . Therefore, the complex regulatory interactions between α-klotho and numerous other players in CKD-related mineral and bone disorder should be further explored.
Conclusion
We showed that low levels of circulating α-klotho were associated with decreased kidney function. In addition, reduction in the serum α-klotho level after 1.5 years was seen to be predictive of RRT initiation in patients with CKD. The data indicate that changes in the serum α-klotho level, especially over more than a year after blood pressure control, nephrotoxic medicine avoiding and blood glucose, uric acid control, et al, may serve as a useful clinical biomarker for progression of CKD. In addition, α-klotho and aldosterone appear to play a related role in renal damage. Further studies with larger numbers of patients are required to validate our findings.
